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OUTLINE:
• duality of rare and typical events
• IBG in the grand canonical ensemble:

condensation of fluctuations as a rare event
• Observability: mean canonical ensemble
• grand canonical catastrophe
• photon condensation
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non interacting systems

• constraints induce correlations
• fluctuations may display non trivial features even if

average behavior is trivial
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EQUATION OF STATE
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Problem:  fluctuations are HUGE

worst: persist down to  𝑇 = 0!
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overdoing it?

unacceptable!



GRAND CANONICAL CATASTROPHE

𝛿𝑛2 ~𝑉2

I. Fujiwara et al. «exact but unphysical» (J.Stat.Phys. 1970)
M. Holthaus et al. «serious failure of GCE…unacceptable; when all particles
occupy the ground state, the fluctuations has to die out», (Ann. of Phys. 1998)
M. Wilkens et al. «..the vagueries of number fluctuations…it is the grand
canonical ensemble which is flawed..»
L.Pitaevskii and S.Stringari «...pathological feature of the GCE..»
(Oxford University Press 2003)



GRAND CANONICAL CATASTROPHE

𝛿𝑛2 ~𝑉2

I. Fujiwara et al. «exact but unphysical» (J.Stat.Phys. 1970)

It means that there is nothing wrong with the derivation, but
the physical conditions for the MCE are unrealizable



R. M. Ziff, G. E. Ulhenbeck and M. Kac, 
Physics Reports 4, 169 (1977)

𝜌𝜌𝑒𝑛𝑣

no grand canonical
catastrophe!

𝑃 𝜌 𝜌𝑒𝑛𝑣 = 𝛿 𝜌 − 𝜌𝑒𝑛𝑣



Schmitt et al., Observation of the Grand Canonical Number
Statistics in a Photon Bose-Einstein Condensate, (PRL 2014)

Klaers et al., Bose-Einstein condensation of photons in an 
optical microcavity (Nature 2010)

mean canonical conditions in the lab





R. M. Ziff, G. E. Ulhenbeck and M. Kac, 
Physics Reports 4, 169 (1977)
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different control parameters
⇒ different ensembles
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CONCLUSIONS

• as a consequence of duality fluctuations may show
non trivial behavior even in non interacting system

• the grand canonical catastrophe is condensation
of fluctuations made observable

• The lab realization of the MCE reveals extreme sensitivity
of the statistical ensemble to control parameters



looking to a fluctuation
is equivalent to put
a constraint on the system
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oddity and normality are «cultural» concepts



What is strange for someone is normal for someone else


